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METHOD AND APPARATUS FOR MANUFACTURING ARTICLES 
FROM EXPANDZBLE THERMO-PLASTIC HATERIAEiS. 

This invention is concerned with the formation of 
articles from expandible thermo-plastic material, for 
example polystyrene pellets. 

It is well known that pellets of polymerised styrene or 
styrene and acrylonitrat^ when heated will expand due to the 
inclnsions therein of volatile hydrocarbons » Heat induced 
expansion of a quantity of such pellets within a mould 
10 cavity which is smaller than the free escpanslon volume of 

the pellets will result in the pellets bonding to each other 
due to the partial melt of the bead surfaces as a result of 
the heat applied and the pressure developed in the cavity as 
the bead mass tries to expand beyond the cavity volume. The 
result is a coherent cellular mass having the external shape 
of the mould cavity. It is possible to form intricately 
shaped articles by this method. 

The presently accepted process for the formation of 
articles by the above process involves exposing the pellets 
20 within a mould cavity to steam to provide the heat required 
for expansion/bonding. The steam is injected into the mould 
cavity through perforations in the mould walls. After the 
expansion/bonding step the mould is cooled with water. 

As will be understood the mould is therefore subjected 
to rapid and dramatic fluctuations in temperature « 130 
degrees Celsius during a heating step being commonplace 
followed by shock cooling. It is presently the practice to 
make the mould from metal and the working life of such 
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sioalds is srfaort due to the severe working conditions. The 
design of moulds is complex to provide for heating and 
cooling meditnns and the introduction of the plastic pellets 
and the removal of the finished product. The provision of 
the foregoing in metal moulds contributes substantially to 
the cost of the mould. With the above moulding method there 

r 

is also a need for ancillary, equipment such as steam 
generation equipment and pipe work for delivering steam and 
cooling vvater to a number of locations in the mould. The 
10 foregoing and other manufacturing requirements, such as the 
need to provide non-uniform internal texture in the finished 
foamed product due to localised Ixeating effects render the 
presently moulding techniques capable of ia^rovement. 

Other forms of heating^ e.g. dielectric heating and 
the use of high frequency electric fields have been tried 
with limited success in order to overcome some of the above 
problems. 

The prime object of the invention is to provide a 
method and apparatus for xaould manufacturing articles from 
20 beat expandible polymerised plastic, material which method 

and 3®paratus are simpler and more efficient than presently 
known methods and apparatus. It is envisaged that with the 
method and apparatus provided by this invention the mould 
will be made of a plastics miaterial and accordingly the cost 
of a mould tax an article can be dramatically reduced 
compared to the cost of making the mould for the same 
article from metal. The result will be a substantial 
reduction in the production cost per article. The invention 
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al&o provides a simple and effective way of producing an 
article comprised of a multitude of pellets fused together 
writh a smooth substantially continuous exterior and with a 
substantially uniform internal texture. 

Broadly, the invention can be said to comprise a 
method of mould manufacturing an article from a plastics 
materials said method comprising the steps of : 

(a) providing a mould which is at least partially mlcro^wave 
transparent and includes a mould cavity the shape of the 

10 article to be formed and is openable to remove said article, 

(b) loading the mould cavity with a predetermined quantity 
of pellets of plastics material which: 

{1} are at least partially micro-wave transparent and 

(ii) will expand when heated and 

(ill} will bond together when heated to form an 

integrated mass of expanded pellets and 

(iv) are each substantially coarpletely surface coated 

with a substance which will generate gas when heated r 

(c) exposing the mould to micro-wave radiation sufficient to 
20 gasify said coating substance and generate heat throughout 

said quantity of plastics material sufficient to cause said 

material to expand and occupy said mould cavity and said 

pellets to bond together and 

(d> cooling the article in said mould and 

(e) opening said mould and removing said article. 

The invention, further provides apparatus for carrying 
out the above method « said apparatus comprising 
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a mould handling station and a radiation chamber r said moiild 
handling station including mean^ to separate mould parts to 
permit the removal of an article form a cavity in the mould, 
means to charge pellets of plastic material into the cavity 
of a closed mould and transfer means whereby sQid 'mould can 
be transferred to the radiation chamber, isaid 9 
aSfSQ^^s^^^ to irradiate eaid^^^^^ 

'is^Liovor^r^ 'ctambervcl^ suhstantially| 

prevent micro-wave radiation leakage from tiie chaiaber, and 
0' mould clamping means activated during a moulding operation 
to retain said mould parts clamped together to resist the 
pressure generated within the mould cavity during an- article 
forming sequence 

A presently preferred form of apparatus according to 
the invention will be first described with reference to the 
accompanying drawings in which: 

Fig.l is a is a schematic sectional elevation of the 
apparatus axid 

Fig. 2 Is a fragmentary schematic elevation of an 
^ alternate arrangement for providing movement of the mould 
within the radiation chamber of the apparatus. 

The presently preferred form of the apparatus for 
carrying iaut ^he method "is as illustrated in the drawings, 
it is however to be understood that the apparatus now 
described is representative of apparatus for carrying out 
the method of the invention and is not to be considered as 
the only apparatus capable for carrying out the method. 

As illustrated the apparatus comprises a mould 
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handling station 1 having a bottom platen 2 with four 
support shafts 3 upstanding therefrom and a top platen 4 
alldably mounted on the shafts 3.. She top platen 4 Is 
raised and lowered relative to the bottom platen 2 by a pair 
of side mounted piston In cylinder combinations 5. 

The top and bottom mould parts 6 and 7 are 
respectively fixed to backing plates 8 and 9 and the backing 
plate 9 is supported on the bottom platen 2 through conveyor 
means 10 of known suitable type. In this example rotatable 
balls mounted in housings fixed to the bottom platen 2. 
There are readily releasable clamping means. Indicated 
generally II and 12, on the top and bottom platens 2 and 4 
respectively to edge engage the backing plates 8 and S, in 
this case slldable members with angled faces to engage with 
like angled faces on the backing plates 8 and 9 and moved by 
small hydraulic or pneumatic cylinders. In this way the 
mould parts are temporarily secured to the backing plates 8 
and 9 allowing the mould parts 6 and 7 to be moved apart by 
the piston in cylinder combination 5. 
20 Mounted on the top platen 4 and aligned with a hole 

through the backing plate 6 and the mould part 6 and 
communicating with the moulding cavity within the mould 
there is a material charging device Indicated 11 whereby 
partially expanded polystyrene pellets (although raw 
material In pellet form without pre-expanslon can be used if 
desired) can be introduced into the mould cavity entrained 
in air, or in a water slurry « which enters the device 
through connection point 12 with the material admitted 
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through the connection point 13. There is a further 
connection point indicated 14 or 14A to the device 10 
through which water (or other material preconditioning 
additive, for example water) is introduced into the bead 
entraining air either during or after the mould filling 
sequence. 

There is a number of piston in cylinder units IS 
mounted on the top platen 4 (only one is shown in the 
Rawing) with the piston rods aligned with holes in the 
AO backing plate 8 and in the mould part 6. The piston rods 
(or extensions thereof) act as ejection pins to strip an 
article from the mould part 6 after mould part separation. 

Hot ^own are air discharge ports in the mould part 6 
vOxevebY the bead entraining air can escape from the moulding 
cavity during a bead charging operation. It is also 
envisaged that suction means can be coupled to at least some 
of these ports to create a negative pressure within the 
moulding cavity to draw off excess preconditioning additive 
and to assist in filling remote sections of the mould cavity » 

Positioned closely adjacent the mould handling 
station I there is a micro-wave oven 16. She oven 16 
comprises a housing 17 with a vertically openable door 18 
(although a horizontally opening door can be used if 
desired} through wliich access to a chamber 19 is obtained 
and there are seals to prevent radiation leakage when ihe 
door is closed and the chamber 19 is irradiated with 
micro-wave energy. The micro-waves are generated by. 
suitable arranged magnatrons 20 momited osn the housing 17. 



20 
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The devices 20 are of a power designed to suit the 
requirements of the oven and in the present Instance the 
chamber 19 has a cubic capacity of approxiaiatelY 2 cubic 
meters and the mlcro-^ave generators have a power of of 5 kW 
«ach* 

A conveyor means 21 comprised of rows of freely 
rotating wheels with their upper edges in a plane 
horizontally aligned with that of the mould handling station 
allows the mould and the associated back plates to be 
10 manually or mechanically (automatically) transferred (after 
release by the clamping means at 11 and 12} into the chamber 
19, Upper and lower piston in cylinder units identified 21 
and 22 are provided with platens 23 to exert mould clamping 
pressure on the mould backing plates 8 and 9 when the mould 
is in the chamber 19. The upper platen 23 is provided with 
plug-like pins 24 to engage in and seal off the holes in the 
mould upper part 6 through which the bead filling device and 
stripper pins associated with the mould handling station 
pass. The lower platen is just below the tops of the wheels 
20 of the conveyor means 21 . 

The piston rod 25 of the units 22 passes through a 
bush 26 in a bridge or other like bush support 27 and the 
piston rod 2S has a pair of diametrically disposed small 
angle helical tracks 28 which extend along part of the 
length of the piston rod 25. There are two diametrically 
disposed track followers 29 in the bush 26. As will be 
understood with such an arrangement when the piston rod of 
the imit 22 is extended it will be caused to execute a part 
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rotation due to the engagement of the followers 29 in the 
tracks 28. The reason for this facility vrill be e;»;£}Iained 
later. 

In a moulding operation the mould parts 6^7 and the 
respective backing plates. fall made of micro-wave 
transparent material) is positioned in the chamber 19 where 
is rests on the wheels of the conveyor nnit 21 « The 
cylinders 21*22 are pressurised in a manner such- that the 
lower platen moves slightly to engage the underface of the 
10 backing plate 9 and the upper platen is lowered to engage 

the pins 24 in the appropriate holes in the backing plate 8 
and the mould part 6. The pressure applied is such as to 
hold the mould parts firmly engaged so as to resist the 
internal pressure generated during the article forming 
operation. 

The chamber door 18 is then closed and the power to 
the magnetrons is turned on for a period detexmxned 
previoiasly as that required for the moulding operation. 

The pressurised supply of fluid to the units 21^22 is 
20 regulated in a balanced fashion through valving and pressure 
regulation means so that an increase in pressure in t±ie 
fluid to the unit 22 will be accompanied by a reduction in 
pressure to. tlie unit 21 whilst maintaining a clamping 
pressure on the mould sufficient to keep the mould parts 6 
and 7 firmly together in a sealed manner. As a result the 
mould asseoibly 6,7,8 & 9 will move upward in the chamber and 
at the same time because of the helical tracks 28 and the 
followers 29 the mould assembly will be rotated through a 
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part of a revolution^ preferably in the order of 190 
degrees* A reversal of the pressure distribution to the ' 
units 21 #22 will result in a lowering of the mould assembly 
and a oontra part rotation of the mould assembly. In the 
arrangement described the vertical movement is about equal 
to the heigFht of the mould cavity. 

By moving the mould as described above through the 
microwave field there is an averaging effect for the 
radiation to which the mould is exposed and the . influence of 

10 "hot" or "cold" spots in the field is minimised. As will 
be understood the wave patterns and energy fields resulting 
from microwave generators are not exactly predictable and 
this is partlculaly so where the fields of several 
magnatrons intersect* ' As a consequence there can be areas 
of above average intensity (hot spots) and areas of below 
average intensity (cold spots) within a microwave energy 
field* The proposed linear and part rotational movement of 
the mould assembly averages out the intensity of the micro 
wave energy to which the mould assembly is subjected » 

20 Tiie equipment described above may be modified in ways 

to facilitate operation and exaniples of possible 
modifications have already been give* In a further 
modif icationr see Fig. 2, the units 21 and 22 are tandem 
imits with the piston rods connected by cross-heads 30 and 
the cross-heads are coupled to the platens 23 throis^h shafts 
31 mounted in bearings 32 in the cross-heads 50. The 
cross-head mounted shafts 31 will then rotate as the 
followers 29 move along the tracks 26 in the lower 



W09IMW642 PCr/AU»yO»031 

iO 

cross-head associated shaft 31 • The advantage of this 
arrangement is that the pistons in the cylinders 21 and 22 
are net required to rotate during the ttp and dorai and part 
rotation of the mould as i.s the case with the arrangement 
described with reference to the accoa^anying drawing* 

The moulding process (the forming of the article in 
the mould cavity) involves the flash generation of steam 
within the mould cavity by microwave heating of the water 
coating of the plastic- pellets^. The steam will be 
10 substantially uniformly generated simultaneously throughout 
the bead mass thereby avoiding the problem often encountered 
with the introduced steam method in which almost invariably 
some pellets were- insufficiently heated with the result that 
there was improper bead e2q>ansion and/or lack of fusion 
bonding between adjacent pellets. The result of the present 
invention is a substemtlally uniform texture throi;^hout the 
finished product* 

The foregoing description has been concerned with the 
simple situation where the pellets of plastic (in a 
20 . pre-conditioned part-expanded form) are coated with wat^r* 
It Is possible to modify the process to achieve desired 
results by pre- treatment of the pellets. By way of example 
only there can be a use additives such as a "wetting" agent 
to ensure the pellets are luiif ormly coated with water. 

In variations of the method above disclosed finely, 
divided metal or other powder can be used for the coating of 
the surface of the moulding chamber » with varying degrees of 
effectiveness « preferably the powder is selected f rem ^he 
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group comprising aluminium , iron, carbon or zinc. The metal 
powder acts as a barrier to heat loss from the mould and 
provides a hot "skin" for the moulding chamber which fuses 
the surface of the expanded material into a smooth 
substantially continuous surface* The provision of such a 
surface is commercially desirable for €U?ticles to be 
displayed « for example such a surface finish is required on 
some packaging n^terials.. 

In a variation of the method as set forth above the 
10 starting air pressure within the moulding chamber is 

increased to above atmospheric with the result that the 
vaporisation temperature of the water within the moulding 
chamber will increase. The pellets can then be raised to a 
higher temperature than would otherwise be possible before 

the water within the moulding chamber vaporises to generate 
♦ 

pressure within the moulding chamber* The result is a 
superior product with greater rigidity than a product formed 
in an unpressurised moulding Camber. 

It has been f avoid that a similar result can be 
2 O achieved with atmospheric starting pressure wihin the 

moulding chamber if an ionic solution is used for wetting 
the pellets- An enample is a salt and water solution. 

An alternate form of polystyrrae pellet, which is at 
least micro-wave opaque, can be achieved by having a powder 
or other form of material with required micro-wave opacity 
dispersed throughout each bead. The micro-wave opaque 
material is preferably, but not limited to. carbon black- 
As another example , a metal powder could be used as an 
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alternative to carbon black or mixtures of powders and 
materials can be used to achieve the required qaalitiee for 
the pellets. The manne r of manufacture of pellets having 
the above inclusions is not a feature of this invention. 
The pellets may or may not be surface coated as hereinbefore 
described* 

The apparatus as hereinbefore described can include 
mould cavity teaqperature monitoring means. The ten^erature 
of the mould cavity is allowed to build up to a required 

10 limit at whic^ it is maintained by cooling means- it 
would also be within the scope of this modification to 
provide the plastics material from which the mould is 
manufjftctured with fillers vrttich would permit the mould to 
develop predetermined heat levels during the radiation 
stage. Temperature boosting means can. be provided, if 
reguiredr to bring the mould up to a required temperature. 

The arrang«iient described utilisix^ a mould filling 
and article stripping station separate from the heating 
chamber is that conventional materials such as 

20 non-transparent metals i plastics, rubbers etc. may be used, 
to facilitate these operations. In addition where a 
plurality of moulds are involved this feature allows a 
faster moulding cycle as the operations of filling, post 
mould cooling and ejection can be occurring at the same time 
with the different moulds whilst there is a mould in the 
heating chamber. 

Whilst the apparatus described discloses a single 
pellet filling head it is to be understood that more than 
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one pellet filling head may be provided for charging the 
mould cavity with pellets « Likewise, the references herein 
to a single c?avity mould are not to be considered limited as 
multi-cavity moulds may be used in the performance of the 
Invention. 

The described arrangement may be modified if regulred 
to provide for the oven to be moved relative to the mould by 
suitable mechanisms which provide for the minimisation of 
effect of radiation field hot and cold spots, as described 
to above . 

A feature of the proposed method is the jpossibility 
of providing the mould with a lining of pervious material 
{such as woven fabric) or non-pervious material (such as PVC 
Sheet) so that when the article is moulded the mould lining 
material will provide an outer surface covering for the 
article. In this way various surface finishes for the 
article can be readily obtained, a manufacturing possibility 
substantially impossible with the known form of steam 
heating of moulds, 
20 The moulding material herein described has been 

polystyrene but it is to be understood that other materials 
may be used, for example, polyethylene and co-polymers of 
polystyrene and polyethylene. 
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I CLAIM: 

1. A method of mould manufactxiring an article from a 
plastics material, said method comprisixxg the steps of: 
sf (a) providing a mould ^ich is at least partially micro-wave 
transparent and includes a mould cavity the shape of the 
article to be formed and is openable to remove said article, 
^ (b) loading the mould cavity with a predetermined quantity 
of pellets of plastics material which: 

>^ (i) are at least partially micro-wave transparent and 

^ (ii) will espand when heated and 

\/ flii) will bond together when heated to form an 

integrated mass of expanded pellets and 
X (iv) are each substantially completely surface coated 
with a substance which will generate gas when heated r 
iy (c) exposing the mould to micro-wave radiation sufficient to 
g asify said c oating substmee aad generate heat throughout 
said quantity of plastics material sufficient to cause ©aid 
material to expand and occupy said mould cavity and said 
pellets to bond together and 
(d) cooling the article in said mould and 
\/ (e) opening said mould and removing said article* 

2. The method of claim 1 including the step of coating 
said pellets prior to loading said pellets into said mould. 

3. The method of claim 1 or claim 2 including the step of 
coa ting the surface o f the monlA gatr^ty w^-^^^- ^r-^' ^ ^^f-iniT wTilrh 
is not micro-wave transparent. 

4. The method of anyone of claims 1 to 3 wherein the 



>< 
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coating for the pellets is selected from the group 
conqprising water or water and a wetting agent mix. 
fi. The method of claim 3 or claim 4 when dependent on 
claim 1 or claim 2 where the c^anrity coating is selected from 
the group comprising a finely divided metal powder or a 
finely divided metal powder in a carrier medium or carbon. 
6. The method of claim 5 wherein the metal powder is 
selected frcm the groiQ)^ comprising alominlTim^ iron and zin6. 
?• The method of anyone of claims 1 to 6 including the 
step of moving the mould within the field of the micro-wave 
radiation during at least some of the time during which it 
is exposed to the micro-wave radiation.' 
8« The method of claim 7 where the mould movement 
includes both linear sihd at least part -rotational motion. 

9. The method of anyone of claims 1 to 8 including the 
step of increasing the pressure within the mould cavity 
above atmospheric prior to es;poslng the mould to micro-wave 
radiation* 

10, The method of anyone of claims 1 to 9 including the 
steps of monitoring the temperature of the mould cavity 
during the moulding operation and applying^ heating/cooling 
to maintain the temperature within the mould cavity within a 
predetermined range during the moulding operation. 

2Z. Apparatus to carry out the method of anyone of claims 
r to ic comprising a mould handling station and a radiation 
chamber, said mould handling station including means to 
separate mould parts to permit the removal of an article 
form a cavity iij the mould, means to charge pellets of ' 
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plastic maHerial into the cavity of a closed mould and 
transfer means whereby said mould can be transferred to the 
radiation chamber, said chamber having associated magnetrons 
to iz-radlate said chamber with micro-waves and having a 
chamber closure to substantially prevent micro-wave 
radiation leakage from the chamber, and mould clamping means 
activated during a moulding operation to retain said mould 
parts clanqped together to resist the pressure generated 
within the mould cavity during an article forming sequ^ce. 

12. Apparatus as claimed in claim 11 including means for 
moving the mould within said chamfaer to ii^art linear motion 
to said mould and at least limited rotational motion to said 
moulds 

13. j^paratus as claimed in anyone of claims 10 to 12 
wherein the mould handling station includes a base provided 
wtlth said transfer means and releasable clamping means to 
grip a first mould part, a movable platen provided wltii 
further releasable clamping means to grip the eecmd mould 
part, and platen moving means to move the mould parts apart 
and together, said pellet charging meaz^ is mounted on said 
movable platen and communicates with an opening Into the 
cavity of the mould, said pellet charging means including 
connetftib^s viasie^^^ entraining f Ivild cau be 
introduced into the mould cavity. 

14. Apparatus as claimed in claim la including further 
connections on the pallet charging means to admit a further 
fluid material into the mould cavity with the pallets. 

15. Apparatus as claimed in anyone of claims 11 to 14 
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including ejectors mounted on said movable platen and 
aligned with apertures in said second mould part which are 
movable into ^aid apertures to eject a moulded article from 
said second mould part when separated from the first mould 
. part. 

16. Apparatus as claimed in claim 12 where the means to 
move the mould in said chamber includes €ui upper and a lower 
piston in cylinder arrangement with oppositely disposed 
pressure plates on piston rods of the respective pistons to 
engage the first and second mould parts and clamp them 
together « helical track and track follower arrangement 
connecting one of said piston rods to a stationaury member 
whereby said one piston rod is caused to rotate when is is 
moved axially relative to said stationary member. 

17. Apparatus as claimed in claim 16 wherein the upper and 
lower piston in cylinder arrangements are each comprised of 
two piston in cylinder units in tandem with the piston rods 
thereof connected by a cross-head, a rotatable power shaft 
with one of the pressure plates at one end is rotatably 
mounted in the cross-head with its axis parallel to the axes 
of the piston rods associated therewith, and said helical 
track and track follower arrangement connects one of the 
power shafts to said stationary member. 

18. Apparatus as claimed in claim 16 or claim 17 including 
valving means whereby the pressure of operating fluid to the 
upper and lower piston in cylinder arrangements is 
maintained at a level to maintain the mould parts clanged 
together whilst a pressure imbalance between the upper and 
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lower piston in cylinder arrangements is provided to cause 
linear movenent of the aioald in the chainber-. 
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